During the fall of 2009, a trace of unauthorized genetically modified (GM) flax (Linum usitatissimum L.) line, CDC Triffid, which is resistant to sulfonylurea herbicides, was detected in many countries including Japan. A method to reliably identify the CDC Triffid line was urgently required. We developed a novel construct-specific real-time polymerase chain reaction (PCR) method to identify the mutant acetolactate synthase gene in the CDC Triffid line. We confirmed that the method can detect 0.001% GM flax in DNA mixing solution. The study shows that the developed method is specific, sensitive and reliable way to monitor a trace of CDC Triffid.
Linum usitatissimum L., commonly known as flax, is an important oilseed crop that provides diversity in crop rotations in Canada. Because some sulfonylurea herbicides are very persistent in soil, the choice of crops for use in rotations is limited. 1) To address this problem, McHughen developed a sulfonylurea-resistant flax line by introducing acetolactate synthase (ALS) gene cloned from Arabidopsis thaliana using Agrobacterium-based transformation. [1] [2] [3] The 5.8-kb ALS gene construct contains the ALS gene and its flanking regions. The coding sequence of the gene is modified by a single cytosine-to-thymine substitution at the 589th nucleotide, which results in reduced affinity for sulfonylurea herbicides. 1) As well as the ALS gene, the construct also contains a neomycin phosphotransferase II gene (nptII), a spectinomycin/streptomycin resistance gene (Spec), a b-lactamase gene (bla), and the nopaline synthase gene (NOS). Expression of the resulting sulfonylurea herbicides resistance trait was subsequently demonstrated in progeny, and the transgenic line was designated CDC Triffid (FP967). 4) After safety assessment by the Canadian Government, the CDC Triffid line was authorized for food and feed use in Canada. It was also approved for food and feed use in the United States in 1998. However, this line has not been approved for use in food and feed in any other countries.
On September 8, 2009, Germany posted a notification on an internal EU system (Rapid Alert System for Food and Feed-RASFF) that a trace of the unauthorized genetically modified (GM) line CDC Triffid was detected in a Canadian shipment, following reports from other European countries. Japan and the EU have a policy of zero tolerance for unauthorized GM crops 5, 6) ; therefore, a method to specifically detect the CDC Triffid line, the only cultivated GM flax, was urgently required. The Joint Research Centre (JRC) of the EU detected the CDC Triffid line using a construct-specific method, which was based on detection of the region between NOS terminator (NOST) and Spec in CDC Triffid (http://gmo-crl.jrc.ec.europa.eu/flax.htm). However, an additional method is required to unequivocally confirm the CDC Triffid line, because other unauthorized GM crops may contain constructs with similar NOST-Spec regions. In the present study, we developed a specific, sensitive and reliable method based on the ALS gene of A. thaliana to qualitatively detect CDC Triffid. Purification of DNA Flaxseeds were ground using a mixing mill. DNA was extracted and purified from a portion (0.5 g) of the ground sample, using an ion-exchange resintype DNA extraction and purification kit (Genomic-tip; QIA-GEN, Hilden, Germany) as follows: G2 buffer (7.5 ml) and a-amylase (20 ml) were added to the sample and mixed thoroughly with a vortex mixer. The mixture was incubated at 37°C for 1 h before addition of 7.5 ml G2 buffer, 200 ml Proteinase K, and 20 ml RNase A. The mixture was vortexed and incubated at 50°C for 1 h. During incubation, the samples were mixed several times by inverting the tubes. The samples were then centrifuged at 5000ϫg at 4°C for 15 min. The supernatant was divided into 2 ml aliquots and centrifuged in polypropylene centrifuge tubes at 20000ϫg at 4°C for 15 min. The supernatant was applied to a Genomic-tip 20/G column (QIAGEN) pre-equilibrated with 1 ml QBT buffer. The tip was washed three times with 2 ml QC buffer and transferred to a fresh centrifuge tube, and 1 ml pre-warmed QF buffer (50°C) was added to elute DNA. The DNA sample was transferred to a centrifuge tube, an equal volume of isopropyl alcohol was added, and the sample was mixed thoroughly. DNA was collected by centrifugation at 12000ϫg for 15 min. The pellet was rinsed with 1 ml 70% (v/v) ethanol and centrifuged at 12000ϫg for 3 min. The supernatant was discarded and the precipitate was dried with an aspirator. The DNA was dissolved in 50 ml water for use in analyses. The DNA was quantified by measuring UV absorption at 260 nm using an ND-1000 spectrophotometer (NanoDrop Technologies Inc., DE, U.S.A.).
MATERIALS AND METHODS

Flaxseed Materials
Polymerase Chain Reaction (PCR) Each PCR reaction mixture (25 ml) contained 2.5 ml 10ϫPCR buffer II (Applied Biosystems, CA, U.S.A.), 0.16 mM dNTP, (Applied Biosystems), 1.5 mmol/l MgCl 2 , 1.2 mmol/l 5Ј and 3Ј primers, 0.8 U AmpliTaq Gold (Applied Biosystems) and 10 ng template DNA. The PCR conditions were as follows: 95°C for 10 min, followed by 50 cycles of denaturation at 98°C for 10 s, annealing at 58°C for 30 s, extension at 72°C for 60 s, and terminal elongation at 72°C for 7 min. PCRs were carried out using the GeneAmp PCR System 9700 (Applied Biosystems).
To determine the nucleotide sequence of the transgenic construct harbored in the CDC Triffid line, DNA fragments were amplified by PCR using the following primer set: als3F primer, 5Ј-CAA GCC TTA ACC CGC TCT TC-3Ј, and als3R primer, 5Ј-TCG TAA TCG AAC GCG TTA CC-3Ј. After PCR, amplified products were analyzed by electrophoresis on agarose gels.
DNA Sequencing PCR-amplified DNA fragments were extracted from agarose gels and purified using a QIAquick PCR purification kit (QIAGEN). DNA fragments were directly sequenced from both strands using forward and reverse primers with an ABI PRISM 3700 DNA analyzer and the Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems), according to the manufacturer's instructions. Nucleotide sequences were analyzed using Lasergene ver. 7.0 software (DNASTAR Inc., WI, U.S.A.).
Real-Time PCR Real-time PCR assays were performed using an ABI PRISM™ 7900 Sequence Detection System (Applied Biosystems). The 25 ml reaction mixture consisted of 2.5 ml sample DNA solution (25 ng), 12.5 ml Universal Master Mix ® (Applied Biosystems), 0.8 mM each primer, and 0.1 mM probe. The PCR conditions were as follows: 2 min at 50°C, 95°C for 10 min followed by 45 cycles of 15 s at 95°C and 1 min at 60°C. The A. thaliana-derived ALS gene with the single substitution mutation was detected using the following primers: AtALSc870t MGB F, 5Ј-TGC GTT GTT AGA TAG TGT TCC TCT TG-3Ј, and AtALSc870t MGB R, 5Ј-CGC ATC TGT ACC AAT CAT ACG AC-3Ј, and the probe sequence was AtALSc870t MGB, 5Ј-FAM-CAG GAC AAG TCT CTC-MGB-3Ј. The primers and probe used to detect the NOST-Spec region of CDC Triffid were designed on the basis of information provided by JRC (http://ec.europa. eu/dgs/jrc/index.cfm). The primers were as follows: NOSTSpec F, 5Ј-AGC GCG CAA ACT AGG ATA AA-3Ј; NOSTSpec R, 5Ј-ACC TTC CGG CTC GAT GTC TA-3Ј; and the NOST-Spec probe sequence was 5Ј-FAM-CGC GCG CGG TGT CAT CTA TG-BHQ1-3Ј. The primers and probe used to detect the flax internal control gene, stearoyl-ACP desaturase II (SAD; GenBank no.: X70962.1), were as follows: SAD F, 5Ј-GCT CAA CCC AGT CAC CAC CT-3Ј; SAD R, 5Ј-TGC GAG GAG ATC TGG AGG AG-3Ј; SAD probe, 5Ј-FAM-TGT TGA GGG AGC GTG TTG AAG GGA-BHQ1-3Ј. All primers and probes were diluted with an appropriate volume of distilled water, and stored at Ϫ20°C until use. Results were analyzed using SDS 2.1 sequence detection software on the ABI PRISM™ 7900 Sequence Detection System (Applied Biosystems).
Real-Time PCR Data Analysis Typically, the baseline was set to cycles 3 through 15. The DRn threshold for plotting Ct values was set to 0.2-0.5 during exponential amplification. Reactions with a Ct value of less than 43 and exponential amplification plots were scored as positive. If a Ct value could not be obtained, the reaction was scored as negative. Reactions with a Ct value of less than 43, but without exponential amplification as judged by visual inspection of the respective DRn plots and multicomponent plots were scored as negative.
RESULTS AND DISCUSSION
Identification of the Mutated ALS Gene in Flax DNA
To detect the ALS sequence derived from A. thaliana (GenBank no: AY124092.1) in samples of flaxseeds, we used genomic DNAs purified from CDC Triffid seed and Sample 4 as templates for the PCR reaction (Fig. 1) . The primers were designed to amplify the mutant ALS containing a single nucleotide substitution that results in a proline-to-serine substitution in the mature enzyme. This amino acid substitution results in reduced affinity for chlorsulfuron.
3) Electrophoresis of the PCR products showed that a single 277 bp band was specifically detected in CDC Triffid, whereas the band was not detected in non-GM (Senbirishu) samples (Fig. 1A) . Direct sequence analysis of the amplified product showed the position of the specific mutation in the inserted ALS sequence, which was originally derived from A. thaliana ( 1B). Sample 4 showed an identical band to that of CDC Triffid seed, confirming that this grain batch is contaminated with transgenic material.
Construct-Specific Identification of the CDC Triffid ALS Gene We designed primer-probe sets to detect the recombinant ALS gene sequence in a real-time PCR assay. The primers/probes were designed on the basis of the partial sequence described above (sequences of primers/probes are given in Materils and Methods; amplicon sequence is shown in Fig. 2A) . Two primer-probe sets were used to identify the construct-specific CDC Triffid line in the real-time PCR assay. One primer-probe set detects the recombinant ALS sequence containing a single nucleotide substitution in the CDC Triffid construct (Fig. 2A) . The other set, which was designed by JRC, detects the NOST-Spec region as the specific target for CDC Triffid. Figure 2 shows amplification plots with both primer-probe sets using genomic DNA from non-GM flax, CDC Triffid seed, and Sample 4. The amplicons derived from CDC Triffid seed and the Sample 4 consisted of 73 bp of ALS ( Fig. 2A) and 105 bp of NOST-Spec (Fig. 2B) , whereas those target sequences were not detected in the non-GM flax. The internal control, SAD (target size, 68 bp), was detected in all samples (Fig. 2C) . 7) None of the primer-probe sets showed non-specific amplification using template genomic DNA derived from non-GM maize, rice, soybean or canola (data not shown). The limit of detection (LOD) in the real-time PCR methods were examined by diluting template genomic DNA purified from CDC Triffid with that of non-GM flax. The LODs of the both methods using ALS and NOST-spec primer-probe sets were found to be 0.001% GM flax in 25 ng DNA mixing solution (data not shown).
In the present study, we identified the region in the mutated ALS sequence that was originally derived from A. thaliana in CDC Triffid seed, and developed a specific and sensitive real-time PCR detection method targeting this sequence. The method is a simple and reliable assay for monitoring a trace of CDC Triffid, as detected in Sample 4. Further studies are required to determine the LOD of CDC Triffid in flax sample quantitatively, and to determine whether the method can also be used to detect CDC Triffid in processed food or feed containing flax or flax derivatives.
